© X-641-66-225

, BUTI.ER MISSOURI—AN UNUSUAI.
- IRON METEORITE

" GPO PRICE &

CFST! PRICE(S) §

Hard copy (HC) / o0

!, S o ; - : Microfiche (MF) ’5-6 ‘

o BY
JOSEPH |. GOLDSTEIN

. MAY 1966

—  GODDARD SPACE FLIGHT CENTER
GREENBELT, MARYLAND

ssssssssssssssss | s (THRU)

. N66 30326

(((((((

L TUYLSSEET /3

i
h s v ’ T (NASA CR OR TMX OR AD ho (CATEGORY)
" 1




Goldstein - 1

Butler, Missouri - An Unusual Iron Meteorite

J. I. Goldstein

Geochemistry Laboratory
Laboratory for Theoretical Studies
Goddard Space Flight Center
Greenbelt, Maryland




Goldstein - 2

Abstract 3 0 3 2 (

The Butler iron meteorite has been found to have, with respect to
the iron meteorites, an unusually high Co content (1.4 wt%), unusually
high Ge contents in the kamacite and the taenite phases, and an unusually
low cooling rate (0.S°c./10‘ years). It is suggested that Butler

formed in e different environment from that of the rest of the iron

pide:

meteorites.
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As shown by Wasson (1), the Butler iron meteorite has an wnusually
high Ge content, 1996 ppa. This high Ge content as well as the high
Ge/RL ratio makes Butler am exception to two geochemical generalisations
rcntdhg iron meteorites (1). This exception implies that Butler way
be unusual in other ways. The purpose of this nots is to report the
nsagurements of msjor elemant distributions and of the cooling rate
of this weteorite, further showing its unmsual characteristics.

The strudture of the Butler mateorite, which bas 16 wt% B (1),
is transitional between a fine octabedrite and an ataxite. A photo-
micrograph of the meteorite is shown in Pigure 1. The large kamacits
plates make uwp the well-defined Widmsnstatten pattern typical of the
octahedrites. The interior arsas between the kamacite plates of the
®a jor pattern are regions of transformed taenite (plessite) which
contain a micro-Widmsnstatten pattern sometimes found in the ataxites.

This micro-pattern formed late in the meteorite‘’s cooling history.

Analysis of the metallic phases of the meteorite with the electron
wicroprobe showed tlut.only Fe, Ni, Co and Ge are present in excess
of .13 wth. Ths Fe and Wi concentration gradients were typical of
those found in iron meteorites. The Ni content varied from 16 to
43 wt% in taenits and from 6 to 6.5 wth in kamacite except near the
kamac¢ite-taenite boundaries where it was less than 6 wth. The Co
content was, however, unuswal. According to Krinov (2), the average

Co econtent in fine octahedrites {s .61 wth. The total variation in Go
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As shown by Wasson (1), the Butler iron meteorite has an unusually
high Ge content, 1996 ppm. This high Ge content as well as the high
Ge/Mi ratio makes Butler an exception to two geochemical generalimations
rcurdlu iron meteorites (1). This exception implies that Butler may
be unusual i{n other ways. The purpose of this note is to report the
measurements of major elemsnt distributions and of the cooling rate
of this meteorite, further showing its unusual characteristics.

The structure of the Butler meteorite, which bhas 16 wt% Wi (1),
is transitional between a fine octahedrite and an ataxite. A photo-
micrograph of the meteorite is shown in Pigure 1. The large kamacite
plates make up the well-defined Widmanstatten pattern typical of the
octahedrites. The interior annj between the kamscite plates of the
ma jor pattern are regions of transformed taenite (plessite) which
contain a micro-Widmsnstatten pattern sometimes found in the ataxites.
Thie micro-pattern formed late in the meteorite’s cooling history.

Anslysis of the metallic phases of the meteorite with the electron
sicroprobe showed that only Fe, Ni, Co and Ge are present in excess
of .15 wt%. The Pe and Ni concentration gradients were typical of
those found in iron meteorites. The Ni content varied from 16 to
43 wt% in taenits and from 6 to 6.5 wt% in kamacite except near the
kamacite-tasnite boundaries where it was less than 6 wth. The Co
content was, however, unusual. According to Krinov (2), the average

Co c¢ontent in fins octahedrites is .61 wth. The total variation in o




Goldstein - &

for all classes of iron meteorites according to Lowering (3) is from
.38 to .75 wt%. Butler coatains 1.7 wt% Co in kemacite, .6 wvt% Co
in taenite, and 1.35 wt% Co in plessite. The average Co content,
1.4 + .1 wt%, {s alwost twice as much as that found in any other
iron meteorite to date.

The distribution of Ge in the meteoritic phases was msasured with
the electron microprobe using a procedure described by Goldstein and
Wood (8). Ge concentrates only in kamacite and taemite. The kamacite
bands which meke uwp the typical Widmanstatten pattern of the msteorite
contain 1700 + 50 ppm Ce. The kamacite areas in plessite, less tham
30 microns in width, contain 1550 + 50 ppm. Typical Ge and Ni concemtration
gradients in kamacite and taenite are showm in Figure 2. The Ge follows
the W, and the maximmm Ge content in taenite is over 5000 pp=m (.2 wt%).
The distribution of Ge with respect to Ni and kamecite band size is
typical of that found for meteorites with owerall Ge greater tham
20 ppm (5). Howsver, the adeolute Ge contents of the metallic phases
is much greater than im any other iron meteorite.

The cooling rate for the temperature range in which the Widmanstatten
pattern developed (700-300°C) was also determined. This was accompl {shed
by comparing the msasured concentration gradients in several kamacite-
tasnite areas with gradients calculated by a theoretical growth analysis
for the Widmanstatten pattern (6). The calculated gradients vary with
ths cooling rate sesumed. The cooling rats is determimed when a fit
is obdtained between the measured and calculated gradieats.
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The eooling rate determined for Butler is 0.5""/“!!6 years with an
estimated precision of # 0%, This cooling rate is lower by e faetor
of 2 than any cooling rate determined for iron meteorites in the study
of 27 iron and stony iron weteorites by Goldstein and Short (6). Thus
the cooling history for Butler appesars to be unigue,

Butler is indeed an unusual meteorite. Xt not only contains wmore
Ge and Co than any other iron meteorite, but also eooled more slowly
than sny other iron metesorite measured to date. It is probable that
Butler formed in e different environment from that of the rest of the

iron meteorites (7).
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!ll.‘trltiﬂl‘
Photomicrograph of the Butler iron wetsorite.
Distribution of Wi as representad by (-) and Ge as
represented by () in the Butler iron meteorite.
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